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AMmet-Treatment of R’CHO with I.i[R,BCH=CH,l gives an adducr whtch is believed to be R,BCHR-CHr 
CH(O1.W (2) or its borate form (3). Oxidation of rhc adducts with alkaline hydrogen pcroxrdc gives co. I: I 
mixture of diaslcrcomeric 1.3&antdiois in guod yields. On the other hand. the reaction of Br~~~,BC~~~H~j 
with R’CHO affords kss satisfactory results. Succcs~ive trcaImen( of 2 (R = n-Bu. K’ L H) with PCI, and aMine 
H,O, gives HoCHHu-CH,-CH?CI (61 Treatment of ~t~BCH~t-~H?~HC~-Ph with NaOH aq produces l-ethyl-2. 
pbcnylcycbpropanc 7 

Boron ale complexes having sp or sp’ carbon next to 
boron have been known as versatile nucleophiles’ kad- 
ing IO a wide variety of organic compounds including 
acetylenes,: olcfins,’ alcohols,’ ketones,’ and polyfunc- 
lional compounds.” More recentiy. the reaction of lithium 
tr~~kyivinyl~~tes (1) with oxirancs has been reported 
to afford I.4alkanediols in cxceilent yields and opened a 
novel approach to cyclopentenone synthesis.’ This paper 
describes a simple synthesis of another kind of gfycols, 
I$-alkanediots, by the reaction of t~~yivinyl~rates 
with aldehydes via the adducts 2. Transformations of 2 
inlo a I-chloro-3alkanol and a cyclopropanc are also 
described.’ 

Reaction of lithium t~butyivinyl~~te f 1, R = n&r) 
with isobuty~dehyde gave an adduct 2 (R = n-Bu, R’ = 
i-P0 which was neither isolated nor detected spectros- 
copically but estimated by the analogy to the reaction of 
lithium t~~ylvinyl~~tes (1) with oxirancs.~ Oxidative 
workup of the reaction mixture gave 2-methyl-3.5 

nonanediol (It, R = n-Bu, R’= i-Pr) in 74% yield. GLC 
analysis of the bistrimcthylsilyl ether of the diol in- 
dicated that this was a mixture of IWO diastercomers 
(nearly1 : 1). Combinations of the substitucnts (R and R’) 
and alkanediofs prepared in this way are listed in Table 1. 

Reactions of the borates with clectrophilcs have usu- 
ally been carried out under anhydrous condition because 
of sensitivity of the boratcs towards water.’ We wish IO 
point out that formalin, in place of p~aform~dchyde, 
was capable of affording a I$-alkanediol in lower yield 
as compared with paraformaldehydc case. 

We have found that vinylmagnesium bromide can be 
used much more conveniently than vinyllitium for the 
preparation of boron ate complexes and the subsequent 
reaction with oxiranes.‘* in contrast, the reaction of 
bromomagnesium trialkylvinyiborates 8 with aldehydes 
gave less satisfactory yields of 1.3~afkanediols as shown 
in Table I. 
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Table 1. Alkanediols R4YH(OH)CH~CH(OH~R’ by reac-tion of M[R,BCH=CHz] with R’CHO 

Yield (%)a Dlastereoo*&~ 
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3 Et 

iL n-Bu 

Ji n-Bu 
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1-chloro-3-alkanol or a cyclopropanc via dialkyl-(3- 
chloroalkyl)borane 5 was illustrated in the following 

way.” The borate 3 (R = n-Bu. R’ = H) was treated with 
phosphorus pezntachloride” and oxidarive workup affor- 

ded I-chloro-3-heptanol 6 in 53% yield. On the other 
hand, treatment of 5 (R = Et. R’ = Ph) with aqueous alkali 

gave I-ethyl-2-phenylcyclopropanc 7 (50: 54 mixture of cis 
and /runs isomers) in 35% overall yield.” 

-WSTAI. 

GLC was prformed on a Shimadzu GC-4BVT w~cb 3m x 
3 mm glass column packed with .W PEG and 20% HVSG on 

Chromosorb W-AW (&?&100mcsh). PMR spectra were taken on 
a Varian EM.360 or on a JEOI. JNM-PMX60 spccrromelcr in 

CDCI, or CCI, soln with Mc,Si as an internal standard. IR 
spectra were recorded on a Shlmadzu IR-27G gratmg spcc. 
tromc.Icr and mass spectra on a Hitachi RMU-61. machine uirh a 

chamber voltage of 70cV. Ylcroanalyses were performed at the 
Ekmcntal Analyses Centre of Kyo~o University. 

Vmylhrhium” was prepared by trantmctallation of terra\inyl. 
tin” with butyllithium.” Acctaldehydc. isoburyraldehydc. bcn. 
laldehyde and crotonakkhydc were freshly dlstdlcd before ux. 

Paraformaldehyde was dried over phosphorus pentoxide under 
reduced pressure for 2 days. 

A gmtrol procedure ‘I’o a soln of vqllithium (5 Ommol. 
0.6i M ethereal \oln) u-as added uialkylhorane (5.0 mmol. ncall at 
0: under argon atmosphere. Afler 30min stirring at room temp. 
the mlxture was treated with aldehydc (5.5 mmol) al (P and 
srurcd at room lemp to W!’ for 13-45 hr. After ddutmn wllh 
ether. the mixture was oxidized with 3 N SaOH (3 ml) and 3ocJc 
H,O, (dml) at rc+m temp. for I hr. Extraction with ether fol. 
lowed hy washmg. drymg and dlsldlatwn afforded the dlol. 

The dlols obtained were analyred on GLC ti bistrimethylsilyl 
ether. The struc!urc of dlastcrcomcrs was DOI assigned. but the 
ratio was described according IO an elution order on G1.C. IR 

and PMR spectra were ticn for a dIastcreomeric mixture and 
mass >pcc~ra were recorded as hlstnmcthylsdyl ether for each 
firs1 clukd diastercomer on G1.C. 

The data of individual compounds were giben in the following 

order: the scak of prcpara~rve expcnmcnt m mmol. rcactlon 
temp. and rime together with b p. and spcfral data of rhc 
product 

I-Ph~~l~l.3~pmronrdwl (C1. 5 mmol. 4&45’ (bath tcmp ). 
I4 hr. H p. 17&1W~4 mm. IR (neat): 3310.3050. 3020. 1604. 1495, 

I I?!. 1062. 1023.756.7OOcm ‘. PMR (CLX’I,). 6 0.8LI (I. J - 7 Hz. 
3H). 1.2-1.6 (m. 2H). 1.62.0 (m. 2H). 3.5-4.2 (broad s. 2H. Olj). 
3.5-4.0 (m. IH). 4 7-5.2 (m. IH). i.32 (s. 5H). MS of bistri- 
methylrdgl ether: m/r (rtl. Q) 309 (M.15. 0.1). 234 (20). 205 (20). 

180 (22). I79 (100). 14; (2X). I31 (IX). 7! (17). 73 (?I) (Found. C. 
73.48. H. 9.17. CaJc. for C,,H,,O,: C. 73.30. H. 8.95%). 

I .3-Hrpprancdivl W-nacfion wifh parufunnaldch,vdc. 
3mmol. room remp 15 hr. R.p. 135-145’ (bath ~emp.VlRmm 
(lit.“ 14&144’/?5 mm). IR (ncal): 3330. 1052cm I, PMR (CDCI,). 
6 093 (I. J = 6Hc. 3H). 1.1-1.8 cm. 8H). 3.s3.6 (broad s. 2H. 
OH). 3 M 0 (m. 3H). MS of bislruncthylsil~l clhcr: m/r (ret R) 
261 (Y-1:. I). 233 (5). ?lY (.%I). 159 (46). 147 (40). 13 (16). 103 
(WI. 71 (26). 73 (100) Rrac-rim wfh /oma/in (37%) 3 mmol. 
room temp.. I5 hr.” 

!-Mrrhv/.3..c.noMnrdlol (4~). .C mmol. 40-45’ (bath fcmp 1. 

I3 hr. f3.p. IO&II@’ (bath rcmp )/!mm. IR (neat): 3340, 1051. 
R49cm ‘, PMR (CDCI,): 6 0.7Gl.l (m. 9H). 1 I-Z.O(m. 9H). 3.35 
(s. 2H. OH). 3.4-40 (m. 2H). MS of bisrrimcthylsilyl ether m/r 
(rel ‘x) 303 (M(-15.0 1). 275 (2). I(10 (14). I59 (100). I47 (13). I45 
(40). 75 (181. 73 (63). 6Y (I!). (Found C. 69.20; If. I3 02). Calc for 
C,~>:O,: C hR9l- H 1’.71‘%1. . .*- 

I-Phm~/~I.3~hepfon~dio/ (W 3 mmol. room temp.. I5 hr. H.p. 
105-115’ (bath fcmp.)/OWmm. IR (near): 3330. 3060. 3WO. 160s. 
1495. I I2g. 10500.i(7.700cm ‘, PMR (CIX‘I,): 6 O.RR (I. J = 6 Hz. 
3H). I l-l.6 (m. 6H). 1.62.0 (m. 2H). 3 3-3.6 (broad s. 2H. Olj). 



The reaction of rrialkylvinylborares wirh afdchydcs 19!1 

3.64.1 fm. IH). 4.7-5.1 (m. IH). 7.29 (I. SHJ. MS of b~srri- 

mcthylsilyl e&r: m/c @cl. RJ 3S2 (M’. 2). 262 (18). 20s (16). 180 
(23). I79 (100). IS9 (19). I47 (20). 7S (20). 73 (XS). (Found: C. 

74.866: H. 9.88. Calc. for C,,H&. C. 74.96: H. 9.68%). 
21Ekfkrtne-4,t~dit~ W. 3 mmol. room temp. IS hr. B.p I2& 

130” (bath rcmp.)/3 mm. IR (near): 3340. 1039. %6cm I. PMR 
(CDCI,): 6 0.92 (I. J - 6Hz. 3H). 1.1-I R rm. 1IH). 2 6-3 I (broad 
s. 2H. OH). 3.6-4.1 rm. IH). 4.14.6 (m. IH). S S-S g (m. 2HL MS 

of bisrrimcrhylsdy crhcr: m/r (rcl. RI 301 (M-IS. 0.11. 2!9(lJ. 233 
0). 211 (7). 169 (IRJ. IS9 (39). I47 (28). 144 (141. 143 (XR). ?C (3Uo). 
73 (100) (Found. C. 69.28; H. I I.94 Calc for C,,H&. C. 69 72. 
H. 11.7osC). 

4~.~~fh~/~l.3-pmranedi~~/ (40 C mmol. 4U-4S” (bath tcmp ). 
IJhr. B.p. l6&17Oe (bath tcmp.)/!6mm (ht.” 1-w rharh 

tcmp.J/lOmm). IR rnca0: 3340. Iu19. 1372. IOS?cm ‘. PMR 

(CDC‘I,). 6 0.94 rd. J = 6 HI.. 6HJ. IS-20 fm. 3H). 3.1-3~5 (broad 

s. 2H. OH). 3.63 (q. J = 6 Hr. IHJ. 3.88 (I. J = 6 Hz. 2H). MS of 
bisrrimerhylsilyl ether: m/c (rcl. ‘XI 262 (51’. 0.11. 247 (0.3). 219 
(461. I47 (23). 14s (20). 103 (IUUL 75 (171. 73 07:) 

C-.~lrhy/-!.thcronrdio/ C4gJ. 3 mmol. room remp.. 45 hr. B.p. 

IOS-IIS’ (bath rcmp.J/lOmm (III.~ 75’11 mm). IR (near). 3330. 
Illg. l%Ocm ‘. PMR rCDCI,J. 6 092 rd. J = 6Hr.6H). 1.23 and 

I ?Vd. J L 6 Hz. 3HJ. l.t2.b rm. 3H). 3.4-4.4 cm. 4H. (‘H-0. 
OHI. MS of hrrrrrmerhylsilyl ether. m/r frcl s:) 276 (M’. 0.21. 
233 (7). lS9(.u)). I47 (ML 143 (17). I3U(I3I. II8 (13). II7 1100). 7S 

(!I). 73 (67). 
2.h~f)l’merh~/~!.S-ltcprcrnrJto/ (4hr. S mmol. WC’ thath 

rcmp.). 14 hr. H p 9S-IUS’ (barb tcmp.)/S mm The dial crysral. 
hrcd on standing. m.p. 6Sdf’ (III ‘- w. 34X cryrhro and 7@X 
rhrco). IR (near) 3360. 13& 1369. lU48cm ‘. PMR rCDC’I,J~ d 
0.92 (d. J - 6 Hr. I!HJ. I l-2 0 rm. 4HJ. 3.2-3.7 (broad s. 2H. 

OHJ. 3 S-3.8 rm, 2H). MS of bistnmcthylsrlyl ether: mir rrcl. g) 

289 rM(-IS. 0.1). 261 (I). I47 (II). I46 113). 14.5 rlO0). 75 (14). i3 

(46). 
I-Phn~/-4~mrrhyl-l.3-pmlanrdiol (41). S mmol. JMC’ (bath 

remp 1. I4 hr. B.p. 90100” (bath rcmp.l/U.O6mm IR (near). 3340. 
3U@ 3U30. 1605 149s. 1013.757.700cm ‘: PMR (CDCI,). 6 0.89 

rd. J 7H7. 6HJ. 1.1-2.0 fm. 3H). 2 113.2 (broad s. 2H. OH). 

3 t3.9 (m. IH). 4 6S I rm. IHJ. 7.30 rs. SHJ. MS of h~srri- 
mcrhylsdyl ether: mir frcl. “t) 2jn tM90. Xl. 2O.C (IO). I80 (20). 
I79 rlo0). 147 114). 14C (II). 7! (361. 73 (76). tFound C. 74.26: H. 

9.SS. C‘alc for C,?H,,O:: r’. 74.19. H. 9 34%). 
‘..\fefh~/-2(li)-1~1mrJ.h.d;~~ 14jl S mmol. J(uS’ lbarh rcmp.r. 

l4hr B.p. IUS-IIS’ (bath rcmp.r/Smm. IR (near)- 333U. lUGi. 

%S cm ‘, PMR rCDCI,): 6 0.92 rd. J = 6 Hr. 6HJ. 1.1-2.0 rm. PHI. 
2.9-3.4 (broad s. 2H. OH). 3.t3.9 rm. IHJ. JM S rm. IHJ. 

S S-5.8 rm. 2HJ. MS of hrsrruncrh)Itilyl ether: m/r rrcl. SIJ 2S9 
rM.43. I). I97 (9). I87 (91. 147 (14). I4S (2X). I44 (IS), 143 I 100). 7S 

(27). ?3 1791 (Found: C. 68%: H. II 40 Calc. for C,H,,O; C. 
6831. H. 11.479&t) 

I-Chloro~3-hepranol (0. To a stirred soln of lrthmm rrihu- 
rylvinylborarc (S.0 mmol) in ether was added paraformaldehydc 
rl6S mg. 5.5 mmol) rn one portion al room rcmp After 14 hr ar 

4O-45’ (bath remp.). rhc mrxrure was cooled wuh ICC-sah bath. 

and added with IUml of dry ether and PC% rI.Shg. 7.5 mmolr 
Immcdrarcly. white ppl was formed and the whole was srined al 

0” for 4 hr and then ar 4U’ for 1.S hr I!sual workup. csrracrron 
and drsrdlarion gave 9 10.4Ug. S3R yield). h.p. 14&1!V (bath 

lemp.)/S mm (hr.:’ IU&IOC’/3 mm). IR Ineall: 3.340. 104Ocm I, 
PMR (CDCI,). 6 0.92 (I. J - 6 Hz. !HJ. I.l-l.i rm. 7H. rhrcc 

mcrhylcncs and OH). I 85 (q. J - 7 Hr. 2HJ. 3 4-40 (m. 3H). MS 
of rrrmcthylsrlyl cl&r: m/r (rcl ‘k) 209 fM.l!. II. !O? (M.lC. 3). 
Igl (3). I79 (IO). 167 (20). 165 ((4). IS9 r3Uo1. IIS (39). 7: (CC). 73 
(loor. 69 09). SJ (Jo). 

I.Erhy/-2.ph~nvlc~clopropclnr (7). After rrearmcnf of hrhrum 
rrrcrhylvmylborate (3 0 mmol) with bcnzaldchyde (0 3S g. 
3 3 mmoll m ether ar 4O-4!’ (bath remp.) for I4 hr. the resulting 
mrxrurc’ was cooled urrh ~ccsaJ~ barb and added with IOml of 

dry erhcr and Pr’l, (0 94 g. 4.C mmol). Srining was conrmued for 
4 hr al r and 1.5 hr ar 4&V’. The mrxrure was treated cautmusly 
wrrh 10 ml of 3 N SaOH ar 0” and stirred for I hr ar room temp. 
Cyclopropanc 7 was ohrained’? in 3?‘X yrcld by G1.C analysn 
rn-dccanc as an mtcrnal srandard). fi:i! 50, SU IR (neat): 3060. 
MU). 1606. 1498. 14Y. 102X. ‘hn. 697cm ‘: PMR ((‘(‘1.). S 

OS-l.6 fm. 9H). 6.7-7.4 (m. SH); MS: m/t (rel. W) I46 (M’. 371. 

I I7 (100). I IJ (27). I04 (S9). 91 (36). 78 (IO). 77 (IO). 

Prcpamtion o/ I.)_g/ycois by the reaction of BrMgjR,BCH=CH,j 

wirh R’CHO. 

A gnrml pmcedun. A soln of vinylmagnesium bromtde 
(6.0 mmol. 0 80 M rcrrahydrofuran soln) was rrcared wirh rrialk. 
ylborane (SUmmol) al U’ and Lhe mixture was srined ar U’ for 

I hr and a! room temp. for I hr. Aldehydc rS.5 mmol) was added 

IO ~hc rcsulrmg soln ar 0” and the mixture was srirrcd al (P for 
2 hr and ar room temp. for 14 hr. Oxuta~rvc workup with alkaline 

H,O, followed by exrracrion and column chromarography rsdrca 

gel. hcxam<rhyl acerare 2: 1) gave the diol 
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